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THE PROTECTIVE EFFECT OF CHLOROQUINE AGAINST
ULTRAVIOLET-INDUCED BIOCHEMICAL CHANGES *
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Chioroquine and other antimalarial agents act
upon polymorphic light sensitivity and lupus
erythematosus in an unexplained manner. Al-
though a number of theories have been advanced,
we understand little about the pharmacologic
means whereby these chemical compounds exert
their therapeutic effect. The series of experi-
ments reported herein sought to determine
whether oral administration of chloroqune could
prevent certain biochemical changes that follow
ultraviolet exposure.
MATERIAL AND METHODS
Young male rats were divided into two groups
with the smaller group of six rats serving as con-
trols. The larger group of nine rats had 0.25 grams
of chloroquine diphosphate added to each kilo-
gram of their food. After one month of feeding
animals were killed by cutting the carotid ar-
teries. Sacrifice and preparation procedures were
conducted in a cold room as rapidly as possible to
prevent degradation of tissue.
Blood was collected, the serum separated. Then
1 milliliter of serum was spread over the surface
of a small beaker (diameter 2.4 cm), and irradiated
for 10 minutes. The material was prepared im-
mediately for titration to determine the sulfhydryl
and disulfide concentration. Additional serum was
used to study the polarographic filtrate reaction
which determines changes in mucoprotein. The
polarographic procedure was conducted after pre-
cipitation with sulfosalicylic acid.
For epidermal studies, hair from the animals'
backs was manually plucked and the skin promptly
removed. After scraping off the subcutaneous fat
and connective tissues with a scalpel, the epi-
dermis and dermis were separated by Van Scott's
stretch technic (1). Separated epidermis was im-
mediately frozen in a small test tube and im-
mersed in dry ice and acetone. Subsequently the
frozen epidermis was lyophilized. The lyophilized
material was pulverized in a Willy laboratory mill
to a size that would pass a 40-mesh screen. Pow-
dered material was then refrigerated in a tightly
sealed container until quantitative studies were
performed.
Epidermis to be irradiated was homogenized
while immersed in ice water to prevent degrada-
tion by the heat of grinding. A pre-determined
volume of homogenate containing 2 per cent epi-
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dermis was spread over the surface of a 4 cm Petri
dish and then irradiated for 10 minutes at a dis-
tance of 50 cm with a hot quartz broad spectrum
ultraviolet lamp (19.8 X 10 erg/cni2).
Quantitative Procedures
Sulfhydryl. To determine the total sulfhydryl
concentration the homogenate was directly ti-
trated by ainperometric titration with mercuric
chloride in a phosphate buffer (2). In one experi-
ment the sulfhydryl concentration was divided
into nonprotein-bound SH and protein-bound
SH. To prepare a protein-free filtrate, sulfosali-
cylic acid was employed since glutathione does not
tend to become auto-oxidized in this reagent.
Twenty per cent sulfosalicylic acid was added to
the homogenate and shaken vigorously. After 10
minutes, the precipitate was separated from the
solution by filtering through filter paper. After
neutralizing the filtrate with 0.2 N KOH, titration
was performed. Protein-bound SH was then de-
termined by subtracting the nonprotein-bound
5H from the total SH.
Disulficle. The disulfide concentration was de-
termined in the presence of sodium sulfite, after
hydrolyzing with 6 M hydrochloric acid as recom-
mended by Kolthoff (3). Epidermal homogenate
was hydrolyzed with 6 M hydrochloric acid for
two hours, then neutralized with sodium hy-
droxide. The amount of sulfhydryl reduced from
disulfide by the sodium sulfite was titrated with
mercuric chloride in a borax-potassium chloride
buffer.
Polarographic filtrate. The polarographic pro-
cedure was conducted after precipitation with
sulfosalicylic acid to determine changes in muco-
protein (4).
RESULTS
In serum from untreated animals the usual
post-irradiation response of both sulfhydryl and
the polarographic filtrate wave height was an in-
crease in values. Disulfide, however, was de-
creased. In chloroquine-fed animals these changes
were appreciably inhibited (Fig. 1). Disulfide
actually increased.
In samples of non-irradiated epiderniis, chlo-
roquine decreased the polarographic protein
wave height but did not alter sulfhydryl and
disulfide concentrations. After irradiation, all
three of the analyzed items showed a decrease
in values (Fig. 2). Chloroquine inhibited the de-
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crease in both sulfhydryl and the filtrate reaction
but did not prevent changes in disulfide concen-
tration.
An analysis of total sulfhydryl revealed that
ultraviolet irradiation normally lowers or elimi-
nates nonprotein-bound Sil and that chloroquine
provides protection. The drug had no statistically
significant effect on protein-bound 511 (Fig. 3).
DISCUSSION
Chloroquine is localized in various tissues of
the body, especially the liver, kidney, heart and
muscle. McChesney et a?. (5) observed that the
skin concentration was approximately 13 per
cent of what would be found if the entire dose
were absorbed, retained and uniformly distrib-
uted throughout the tissues.
Denaturation of serum protein occurs after
ultraviolet exposure. Adding chloroquine to
serum prevents these changes (6). In this experi-
ment oral chloroquine partially inhibited ultra-
violet-induced biochemical alterations in both
serum and epidermis.
While these experiments do not explain the
mechanism of action of chloroquine, they do
provide information that may lead to a better
understanding of the pharmacology involved.
They also support the contention of Shaffer et
a?. (7) that chloroquine does not act directly as
(protein wave height)
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an ultraviolet screen by absorbing erythema-
producing wave lengths.
SUMMARY
A study of animal serum and epidermis re-
vealed that the oral administration of chloro-
quine inhibits certain biochemical changes that
normally follow ultraviolet irradiation. In both
serum and epidermis, the drug partially prevented
sulfhydryl and polarographic filtrate wave height
alterations, Chloroquine increased post-irradia-
tion disulfide values in serum but did not alter
these values in epidermis. With sulfhydryl the
post-irradiation changes that were protected by
chloroquine occurred in the nonprotein-bound
sulfhydryl fraction. The drug yielded no statisti-
cally significant effect on protein-bound SIT.
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